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Abstract 
s world with its scarce resources, Sufficient and suitable food production is considered a big challenge, with 
almost two thirds of the world population experiencing a critical food deficit and more than third of the world soil 
suffering from degradation which is primarily caused by Land-use and Land-cover Changes (LUCC). And the most 
striking human-induced land transformation of the current era is that of urbanization. The Nile Delta is the last stretch 
ltas with highly fertile and productive agricultural soils, it is  at 
the same time  one of the most extensive urban networks worldwide housing almost 50% of the Egyptian 
population. An urban network that has a high rate of growth, corresponding to high losses of fertile agricultural soil 
and an overall highly fragmented landscape fabric. The Nile Delta is a complex diverse landscape entity consisting of 
a lot of different and sometimes contradicting elements with complex interactions between each other and affected by 
various external factors (e.g.: sea water intrusion in the underground delta aquifer). With an interest in studying the 
interaction between urban and agriculture landscapes, this paper tackles the exiting situation of the Nile Delta with a 
focus on the indirect effects of land fragmentation  due to the extensive urban network of cities, villages and 
connecting roads  on the agricultural aspects of the delta, e.g. the obstruction to the irrigation networks due to 
excessive fragmentation. The paper proposes in a conceptual manner the steps to build and conceive a model aimed at 
studying those effects while taking the first steps in performing a systems analysis of the Nile Delta system. 
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1. Introduction 
1.1.  The World Scene 
ood production is considered a big 
challenge, with almost two thirds of the world population experiencing a critical food deficit and almost 
40% from world soil suffering from degradation. A degradation that is primarily caused by Land-use and 
Land-cover Changes (LUCC), which significantly affect key aspects of Earth System functioning. [1, 2, 
3]. Land Use & Land cover change (LUCC) is a major driver of global change. It has profound influences 
on human and natural environments, e.g.: land and air resources, biodiversity, water quality, soil 
degradation, radiation budgets, carbon cycling, and the ability of biological systems to support human 
needs [4, 5, 6, 7]. 
And the most striking human-induced land transformation of the current era is that of urbanization. It 
is estimated that 1 to 2 million ha of cropland are being taken every year in developing countries to meet 
the demand for housing, industry, infrastructure, and recreation, most likely on prime agricultural land 
located in coastal plains and in river valleys. Globally, the cropland area per capita has dropped from 
around 0.75 ha per person in 1900 to only 0.35 hectare per person in 1990. Currently Agriculture 
accounts for 38% of World land use, with about 15% of all cultivated lands being irrigated while 
providing almost half of the total crop production [1, 2, 3, 8]. Such irrigated lands fall naturally in river 
basins and deltas, with the majority of agricultural production in some countries coming from the deltas. 
Deltas vary greatly due to variations in their surrounding environment and the interactions between river 
and marine forces, but they are commonly important both ecologically and economically. They offer the 
potential for water quality improvement and freshwater storage, fish production, agriculture, forestry, salt 
production, and recreation. Due to that over 500 million people (in 2000) live on them in spite of the fact 
that they only comprise 5% of the land area with average population density of around 500 p/km2 and it is 
expected that there will be a 35% increase of population in the major world deltas by 2015, e.g.: the Nile 
delta in Egypt, the Ganges-Brahmaputra delta in Bangladesh, the Yangtze and Pearl deltas in China. [9, 
10]  Deltas are unfortunately fragile geomorphic features under danger of collapsing due to; sea level rise, 
intensive human development, human induced global changes and population growth. Which could lead 
to; loss of wetlands, permanent loss of fishing areas, farming lands, and valuable forests and rapid 
shoreline retreat. Preservation and maintenance of Deltas require the development of integrated 
management strategies with extensive monitoring, research and complex modeling. Such endeavors has 
already been started, e.g.: the RiverTwin project which developed and adapted regional models for 
application in the Neckar basin (SW Germany), Oue´me´ river (West Africa) and Chirchik Ahangaran
Keles basin (Central Asia) [10, 11, 12]. 
One aspect that models handling deltas strive to study is the population growth and its land demand. A 
land demand that often leads to several forms of landscape fragmentation. This paper is more concerned 
with Agricultural fragmentation, which could be divided into; fragmentation (1) of land ownership, (2) of 
land use, (3) within a farm, (4) separation of ownership and use and (5) division by road networks and 
urban sprawl [13, 14, 15]. 
1.2. Egypt 
Egypt has a total area of about 1 million km². With a terrain that is basically a vast desert plateau 
interrupted by the Nile Valley and Delta. Most of the agricultural land is located close to the banks of the 
Nile River and in the Nile Delta, with a total area of 34000 km² (2002), or 3.3% of the total area of the 
country and almost all of it is irrigated (99.94%) [16, 17, 18]. 
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According to data of the 2006 national census; the population of Egypt reached around 73 million 
inhabitants, with a growth rate of 2.02% and over 95 % of the population living in the region of the Nile 
Delta and Valley, of which over 58% living in the thousands of villages spread across that region. [19] 
Naturally a high demand on land for residential purposes and its associated services was created in 
such densely populated region. During the period from 1952 till 2002, it is estimated that Egypt had lost 
5600 km² (1.35 million feddan, old non-metric unit used primarily for measuring agricultural land in 
Egypt and is equal to 4200 m²) of agricultural land, 2940 km² (700000 feddan) of which because of urban 
development. Most of that loss is concentrated in the Nile Delta which has an area of about 22000 km² 
(5.24 million feddan). And it is estimated that each year 252 km² (60000 feddan) of fertile agricultural 
land all over Egypt is lost due to urban development [20]. 
With a high rate of population growth creating a high demand for housing & infrastructure areas, 
combined with low profitability from agriculture as compared to high profitability of transforming 
agricultural land into urban use, it is only understandable to have such high losses. [21, 22] The loss is 
almost systematic. The cities and villages of the region fulfills its natural need for growth and 
development by either filling the gabs between each other or by expanding linearly on existing roads or 
even main canals of the irrigation network. And in doing so not only is the agricultural land being lost but 
also the remaining land starts to get patched and fragmented as it gets chocked by all the new urban 
growth spawning around it. 
Thus a form of agricultural fragmentation is created in the region. And due to it numerous adverse 
effects are to be expected beside the direct loss of agricultural land due to urban settlements expansion 
and road network construction. Such effects are caused mainly due to the mechanisms of fragmentation; 
division of large patches of agricultural land into smaller and smaller patches. This leads to: Smaller land 
patches, which means higher agricultural costs and inability to use new agricultural techniques which 
basically favor larger patches, added to that is increased water requirements, loss of biodiversity, soil 
erosion and fertilizer leaching [13, 14, 23]; Plus the emissions from the urban settlements and the 
continuous traffic on the road networks, which lead to contamination of the soil and plants surrounding 
them [15].  
The most notable result of such adverse effects would be lower crop yields. To understand those 
adverse effects and their consequences, a mathematical model of the agricultural fragmentation should 
aim to measure the degree of correlation; between the degradation of the Egyptian agricultural land and 
its fragmentation by means of the road networks and growth of urban sprawl, as well as assessing 
different future development scenarios of the region and their overall effect on the agricultural land. To 
do so, a number of landscape metrics and indices will be introduced and defined to measure; the 
ecological footprint of the existing settlement and road networks, the degree of agricultural financial 
profitability of fragmented land. All of course combined with a number of various landscape 
fragmentation metrics [e.g.: 24, 25, 26, 27]. 
This paper presents the first findings of an ongoing research to build a systems analysis model of the 
Nile Delta. These first findings are the logical steps of designing and creating the analysis model which 
are deduced and concluded from an extensive desktop research as well as several interviews and field 
observations done by the authors during 2010/2011. 
2.  Methods & Materials  
This paper is a methodological one to report on first results, to discuss plausibility and further data 
needs. In this section the methods and materials used in the research are explained in details and are 
further developed to build the Systems analysis model used for the study of the fragmentation of the Nile 
Delta.  
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. LandSat composite image of bands 5-4-1 [VNIR (Visible Near Infra Red) (4), SWIR (Short 
Wave Infra Red) (5), blue (1)] Healthy vegetation appears in bright green, pink areas represent barren soil, oranges & browns 
represent sparsely vegetated areas, water appears in blue & black and Urban areas appear in varying shades of magenta and grey. 
Source: produced using a collection of LandSat images acquired from USGS Earth Resources Observation and Science Center, 
1984 
The technique used to reach a an understanding of the Nile Delta and its agricultural fragmentation 
from interviews, data automation, change detection and systems analysis have been tested before in 
previous research. [e.g.: 26, 28, 29, 30, 31] However it should be noted that the context of the Nile Delta 
is considerably different especially that in the current research the main focus is the agricultural 
fragmentation and land productivity rather than mainly landscape fragmentation and biodiversity as is the 
case with many landscape fragmentation studies. 
2.1. Study Area 
The model focuses mainly on the agricultural fragmentation in the Nile Delta Region. The Nile Delta 
starts downstream from Cairo, where the Nile divides into two main distributaries  the Rosetta and 
Damietta channels flowing to the northwest and northeast, respectively (Fig.1). The distance from Cairo 
to the coast is about 160 Km. The coastal zone of the Delta extends from east of Alexandria to Port Said  
a distance of about 240 Km [32, 33].  
 
2.2. Model Construction 
p.36].  In the following a review of the four main steps in constructing this model will be presented (Fig. 
2).
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2.2.1. Step One: Systems Analysis 
This model will be built using the basic concept of systems analysis, any system with defined spatial 
and temporal boundaries could be broken up to its basic elements and the relationships between those 
elements mapped out. [e.g.: 28, 34, 35] For this model, the system spatial boundaries will be the limits of 
Nile Delta with its entire body of agricultural land, irrigation network, urban sprawl, road networks with 
their vehicular traffic and wind patterns. As for the temporal boundaries, they will be a series of 
incremental snapshots in which data of the basic elements of the system is gathered and recorded. It 
should be noted that due to the great diversity of the data gathered and difference of the governmental 
bodies and research institutes producing them there exists a difference in the time frames of the snapshots 
of exiting data, which will require to be remedied through data extrapolation and interpolation where 
necessary.  
2.2.2. Step Two: Conceptual Modeling 
After defining the elements composing the system of the Nile Delta and sorting out their relationships 
with one another, starts the next step of mapping them all out graphically in a conceptual model. 
A conceptual model is a visual method (diagram or scheme) representing a set of causal relationships 
between entities that are believed to impact one another. This conceptual model should be accompanied 
by a textual description that verbally explains the conceptual model [36]. 
 
2.2.3. Step Three: Mathematical Model & Computer Model 
After the definition of the goals and structure of the model, one can proceed to study the physics of the 
problem. Using equations of agri-economics and pollution factors to define the relationship between the 
size of land patches, the type of surface soil, flow in irrigation networks, the volume of traffic on the road 
networks, the wind patterns and crop yield/feddan. Once the equations are defined a solution can be 
computed with the development of computer codes that implement appropriate algorithms for the solution 
of these systems of equations. In this stage various landscape metrics can be mathematically defined to be 
used later on as an indication of the degree of loss to the crop yield/feddan. 
2.2.4. Step Four: Model Analysis 
Model analysis is divided into main distinct and consecutive steps, the model calibration and the model 
validation.  
Calibration refers to the use of real-world data to arrive at model coefficients. [28] In this step the 
model will run at certain time points (e.g.: measuring loss in crop yield/feddan in 1985, 1990, and 1995) 
and the computed outcome will be compared against the recorded field data of the same time points. With 
the use of subjective trial and error procedure, modifications will be made to the model equations and 
computation algorithms to minimize the difference between the computed data and the recorded field data 
and achieve a level of acceptable or negligible error. 
The model validation phase assesses the model's ability to predict the behavior of the system under 
conditions different from those used in the calibration phase. This is usually done by comparing the 
model forecasts and the observations for a time period following that for which the model was originally 
calibrated. Therefore in this step the model will run against the following time points; 2000, 2005 and 
2010 and the computed outcome will be compared against the recorded field data of the same time points. 
If the computed outcome is within the calibration error range then the model is validated, and the basic 
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concepts behind the model are accepted. If not, then the model has served the purpose of discrediting 
these concepts. 
A logical sequence can be drawn through all the previous four steps, but the actual progress of model 
development is not sequential; in fact, every step depends on all the previous steps, and when the results 
of a step are not successful, all the previous steps must be re-analyzed and repeated. [28] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Model Scheme 
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2.3. Systems Analysis Process 
To start a systems analysis of the Nile Delta region, a huge amount of data had to be gathered, 
organized and analyzed. Data was gathered through different approaches;  
 literature review  etc 
[e.g.: 29, 32, 33, 37], 
  Official reports, statistics, tables and maps acquired from various Egyptian ministries and 
organizations and represent the bulk of data being analyzed. (eg: Ministry of Agriculture, Ministry of 
Water Resources and Irrigation, The National Water Research Center,  The General Organization for 
Physical Planning (GOPP)) 
 Analysis of Landsat satellite images from 1984 till 2010 acquired from the U.S: Geological Survey to 
monitor the development of the urban sprawl. Landsat TM and ETM+ (Level 1T) images were used. 
Four scenes were needed to cover the delta region in each of the snapshots taken (1984, 1990, 2000, 
2003 & 2010). age was used for processing the images; layer stacking, 
mosaic of multiple scenes to create each snapshot, visual creation of ROI, running supervised 
classification (maximum likelihood), post classification & accuracy assessment [e.g.: 29, 30, 31],  
 Series of controlled interviews carried out by the main author to cover certain data gaps in both the 
literature and the official reports in concern to the interaction between the urban settlements and the 
extensive irrigation & drainage network running through the delta. The interview was carried in 
between 6th-20th September 2011 with Engineers of the Nile Delta local irrigation municipalities and 
Academic researchers working in the field of irrigation in Egypt. The interviews aimed to cover among 
others; The problems caused by the presence of urban/Rural encroachment near/around 
irrigation/drainage networks, Possible conflicts between road networks and irrigation/drainage 
networks, Problems caused by expansions of the Urban Settlements. The recorded interviews were 
analyzed and their results added to the collected data. 
2.3.1.  Data Organizing and Automation 
To help understand and analyze such huge and complex array of data, a gis database was created as a 
framework for organizing all of it, with the aim of gaining a clearer view of the Nile Delta System. Table 
1 shows the main elements of this database, whose intended uses are briefly explained as follows: 
Table 1: Basic Entities of the Nile Delta System 
 Data Category Source Form Automation Requirement 
1 Surface Soil  Official governmental documents Paper maps Digitizing & overlay 
2 Agricultural land  Official governmental documents Paper maps, Tables & statistics Digitizing & overlay + database building 
3 Irrigation Network Official governmental documents + International publications Paper maps, Tables & statistics 
Digitizing & overlay + 
database building 
4 Urban Sprawl Official governmental documents + Satellite images 
Digital vector maps & raster 
images 
Reorganize for Change 
monitoring 
5 Road Networks Official governmental documents +Satellite Images 
Digital vector maps, raster 
images & statistics 
Digitizing & overlay + 
database building 
6 Wind Patterns Official governmental documents Tables & statistics Database building 
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1. Surface Soil Classification  
Rasterized cell grids with appropriate size; 
To be used to calculate possible rates of pollutants absorption as a factor of the soil type. (Fig. 3) 
Data Availability: - 
Egyptian Ministry of A  
2. Agricultural land with its Land Fertility Grades & Crop Yield/Feddan  
 
To be used in the model analysis (calibration and validation)  
Data Availability: - Egyptian 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Delta Surface soil classifications 
Source: Environmental Research,   
3. Irrigation Network  
Simple continuous single lines, representing the canals and drains of the Nile Delta, coupled with flow 
 
To be used for land patch dividing, road and settlement conflict mapping and agricultural production 
potential. (Fig. 4) 
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Data Availability: Irrigation networks over the Nile Delta maps and tables including water flows in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: Nile Delta; showing only the agricultural patch and the 
main & secondary irrigation networks. Source: produced using 
GIS database acquired from GOPP, 2000 [38] 
Fig. 5: Nile Delta; plus urban agglomeration and road networks 
Source: produced using GIS database acquired from GOPP, 
2000 [38] 
 
4. Urban Sprawl  
Simple overall polygons of all the settlements in the Nile Delta, with their growth mapped over time 
 
To be used for land patch dividing. (Fig. 5) 
Data Availability: 
for Physical Planning (GOPP) digit
various dates 
5. Road Networks  
 
To be used for land patch dividing and traffic mapping. (Fig. 5) 
Data Availability: 
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various dates & Vehicu
 
6. Wind Patterns 
Rasterized cell grids with appropriate size, mapping the average wind flow patterns through the year 
over the Nile Delta (direction and speed) plus air contamination. 
To be used for mapping the direction of flow of the vehicular pollutants and their possible fallout 
locations. 
Data Availability: 
Agency & Air contamin The Environmental Information and Monitoring 
 
3. Results  
3.1. Nile Delta Status 
The Nile delta is the last stretch of the river Nile; the world longest river. The shoreline is cuspate at 
the mouth of the distributaries; with shore-parallel beach ridges and large lagoons occurring between 
them. The present day Nile Delta is made up of a massive unit of sand and gravel which is overlain by a 
thin layer of alluvial clay with an average thickness of 11 m. [32, 33] 
With its long coast (around 240 km) along with the uniqueness of the soil column composition, the 
Nile Delta region is prone to two main natural problems: [32, 33, 39] 
 Seawater intrusion in the underground aquifers, which reaches to an extent that ranges from 30 to 130 
km from the sea shore. 
 Water logging and soil salinization. A problem that is most pronounced to due to the use of perennial 
irrigation, through a heavily modified drainage system and a dense network of irrigation canals, which 
extends to more than 10000 km with numerous regulators or weirs at intervals depending on the slope 
and the location of the lower order canals. It is estimated that salts start to accumulate on the land and 
sink in the ground at a yearly rate of about 96 kg of salt per feddan.  
The northern parts of the Nile Delta are highly affected by soil salinity since sea water intrusion in that 
area magnifies the problem. [37]  
Measures were taken to combat these problems since the mid 1980s, the effect of which can be seen in 
Fig. 6 showing the significant improve of the soil salinity from 1989 to 1998: 
 Rice production in Northern delta regions. It is estimated that 294000 Ha (700000 feddan) of rice 
cultivation are required annually in order to prevent salt water intrusion and to maintain soil quality. 
[37, 39] During the interviews, doubt was expressed in the effectiveness of this measure in the near 
future if the high rate of urban expansion continues, as less and less land will be available for rice 
plantations.  
 An extensive National Drainage Program has been carried out over the last four decades to control 
water logging and salinity. The drainage system consists of open drains, subsurface drains and 
pumping stations. The program showed an estimated 11-14 % increase in crop yields. [37, 39] 
 Presenting new improved crop varieties that can higher crop yields from 20% to 35%. [39] 
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Fig. 6: Soil Salinity of the Nile Delta from 1989 to 1998.  a):1989, Source: adopted from El-Gunidy, 1989 [40], b): 1998, Source: 
adopted from the Egyptian National Authority for remote sensing and space science, 1998 [41] 
 
On the other hand the delta carries an extensive urban network. It spreads across 9 Governorates, with 
104 cities and 2610 villages holding more than 34 million inhabitants and almost 60 % of the inhabitants 
live in villages. [19, 22] With a high growth rate the demand for land for urban expansion is excessive. 
Table 2, Fig.7 show the urban growth from 1984 till 2010 through the analysis of change detection using 
Landsat images. 
Table 2: Urban growth in Nile Delta  
Year of Image Km 2 Growth percentage yearly growth rate 
1984 891.44 100  
1990 906.75 101.72 0.29 
2000 1121.17 125.77 2.36 
2003 1306.32 146.54 5.50 
2010 1791.62 200.98 5.31 
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Fig. 7 Urban Growth development from 1984 to 2010. Source: produced using a collection of LandSat images acquired from USGS 
Earth Resources Observation and Science Center; 1984-1990-2000-2003-2010 
With a closer look at the satellite images a pattern of the growth can be visually discerned. The cities 
and villages filling gabs between each other in what seems like an attempt to merge together or expanding 
linearly on existing roads and main canals of the irrigation & drainage network. A closer view of the 
development of the situation in 1984, 1990, 2003 & 2010 of the area around Banha, one of the main cities 
of the Nile Delta (review Fig. 1 for relative location), can bring to full view the gravity and seriousness of 
this predicament (Fig. 8, Fig. 9).  
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Fig. 8: Banha and its surrounding villages. Source: produced using GIS database acquired from GOPP, 2000 [38] 
The exponential urban growth does not only consume valuable agricultural land and further increase 
the fragmentation of the Nile Delta region, but it also creates a big pollution problem. Only around 29% 
of the cities and less than 6% of the villages in Egypt are connected to sewage systems. [22, 42]  
The controlled interview showed that Dumping of domestic sewer into the waterway  passing 
thorough or close by a city or a village - whether it is an irrigation or drainage canal is basically the norm. 
The dumping has two forms; either indirect through vehicles responsible for cleaning villagers septic 
tanks discharging their loads into the waterway instead of the nearest treatment station to save on the 
coasts or direct discharge from houses into the nearest waterway through unauthorized underground 
hidden pipes. (The latter is becoming the more frequent case). 
Add to that dumping of domestic solid waste on the banks of the waterways, which then get washed 
away by the water during the irrigation cycles, thus resulting in the narrowing of the cross-section of the 
waterway and possibly its clogging or the clogging of any waterworks on its path. The solid waste is 
usually domestic trash and garbage plus the building debris from the always ongoing process of 
renovation of old houses into new ones. Also the occasional corpses of dead farm animals might be 
thrown in (a cow, a donkey or a horse) (Fig. 10). 
The overall effect of fragmentation coupled by the sever contamination caused by the urban network is 
most evident when reviewing the productivity grades for the local municipalities of the Nile Delta region 
from 81 till 2005 (Fig. 11). Each municipality is given a grade from 1 to 5 according to its agricultural 
productivity in an interval of 5 years. Despite all the measures undertaken to maintain the quality of the 
soil and increase crop yield, the productivity is declining in almost all the municipalities and with 
shocking rates. 
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Fig.9: Snapshots of the region around Banha.  
Post classified LandSat images with elements; Nile, roads & Irrigation networks from GIS database overlaid on them. The flow of 
growth typically starts by filling the vacant lots and small agricultural patches within the town or village, then it starts to spread-out; 
along an existing road or waterway and preferably in the direction of the nearest settlement. Banha grows by filling up the gap 
between it and the villages to the north and south. The villages to the east of Banha grow remarkably in the direction of the city 
following the restriction of the canals and roads networks. On the other side, villages to the west of Damietta channel either grow in 
the direction of the channel and the main road on its side (for the closer villages) or follow the natural path of growth along roads 
and canal network.  
Source: produced using a collection of LandSat images acquired from USGS Earth Resources Observation and Science Center, 
1984-1990-2003-2010 & GIS database acquired from GOPP, 2000 
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Fig 10: Garbage covering the entire span of a canal and sewer pipe directly discharging in another 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Productivity Grades of the Nile Delta 
Source: Official Reports of the Land Economics Institute, Ministry of agriculture and land reclamation 
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3.2. Nile Delta System 
Using systems analysis and reflecting on all that has been discussed so far, it is possible to divide the 
entire Nile Delta with all its complex components into four basic subsystems. Those subsystems can later 
be turned into sub-models to form the fragmentation model of the entire region. (Fig. 12) 
1. Agricultural subsystem; it encompasses all agricultural land in the Nile delta. It is the main subsystem; 
basically affected by changes in any of the other subsystems. It factors the soil with its salinity and 
productivity, as well as land patches and degree of fragmentation calculated by landscape and 
fragmentation matrices.  
2. Irrigation subsystem; includes the irrigation & drainage network; with its canals and waterworks. 
Serves as the main agent of transporting and distributing contaminants produced by the urban 
settlements into the agricultural land as well as affecting its salinity. Also acts as a preferred agent for 
growth for the urban settlements. 
3. Urban subsystem; all urban settlements; cities and villages. Factors inhabitants count and growth rates, 
estimates of produced solid waste and sewage which are primarily dumped in adjacent waterways, 
expansion preferences as affected by settlements adjacency, roads and irrigation networks. 
4. Road subsystem; main agent of fragmentation as the divider of agricultural land. Carry along their 
paths volumes of vehicular traffic across the agricultural land. These volumes of traffic produce certain 
amounts of air pollutants through the process of burning their fuel, which then start fallout, thus 
landing over the agricultural land contaminating it in the process. Acts as a growth agent for the urban 
settlements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12: Nile Delta Subsystems 
It should be noted that some elements like sea water intrusion and ground water salinity should be 
factored in the model due to their great effect on the Nile Delta system as a whole 
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4.  Discussion  
The Nile Delta forms a special case among river deltas; its fertile and old soil is used extensively for 
agriculture with an entirely controlled irrigation system that regulates all water flow from the Nile into it 
with it most of the agri-production and at the same time houses almost half of the population in a country 
with a high population growth rate. The growth of cities and villages to accommodate its population eats 
directly from the available agricultural patch from which they feed and dividing it into smaller and 
smaller sub-patches. And a lot of the activities in and between those urban settlements flood the 
surrounding land with polluting emissions. At the same time the extensive agricultural practices causes 
salinity problems in both the fertile soil and the surface water, not to mention the intrusion from the 
Mediterranean Sea. 
All in all, the Nile Delta is a complex diverse landscape entity consisting of a lot of different and 
sometimes contradicting elements with complex interactions between each other and affected by various 
external factors. It includes two separate existences; the agricultural land with its extensive irrigation & 
drainage network and the urban network with its cities and thousands of villages and their connecting 
roads (Review Fig. 4 & Fig. 5). 
Those two existences are in conflict with each other. The urban network is ever growing at exponential 
rates; consuming in its wake valuable fertile soils while adding to the fragmentation on the remaining 
agricultural land. It is also note worthy that the agricultural fragmentation in the Nile Delta has an added 
component to regular agricultural fragmentation. Smaller land patches and road effect zones are the main 
causes of land degradation in Agricultural fragmentation. But in the Nile delta; sewage and solid waste 
disposal in the irrigation & drainage network should be considered as an added factor to those two. 
Finally to achieve a working model of the Nile Delta that can assess and quantify the degree to which 
agricultural fragmentation is adversely affecting it currently and in future development scenarios, the 
following is required: 
 A solid and defined body of the entities  in the four subsystems  which form the Nile Delta and the 
various interaction and relationships between them. 
 Definition of the set of thresholds beyond which those entities will be adversely affected.  
 Defining the external factors that can affect the Nile Delta either adversely or favorably. 
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